A 61-year-old womandeveloped hypokalemia, atrioventricular block and ventricular tachycardia with syncope after habitual drinking 2 to 3 liters of oolong tea per day. She had been suffering from rheumatoid arthritis and Sjogren's syndrome and her serum albumin was decreased (2.9 g/dl). Oolong tea contains caffeine at approximately 20 mg/dl. Great quantities of caffeine can induce hypokalemia. The serum protein binding caffeine is albumin. Accordingly, in patients with hypoalbuminemia, caffeine is apt to induce hypokalemia. This case suggested that great quantities of oolong tea, one of the so-called "healthy" drinks, result in serious symptoms for patients with hypoalbuminemia. (Internal Medicine 38: 252-256, 1999) 
Introduction
Recently, oolong tea has been preferred as a healthy drink by millions of Japanese. Oolong tea contains caffeine, similar to other teas, at approximately 20 mg/dl. It has been suggested that drinking too much oolong tea may cause serious symptomsdue to a caffeine overdose. Here, wereport a woman who drank great quantities of oolong tea daily, and developed hypokalemia, atrioventricular block, QTprolongation and incessant non-sustained ventricular tachycardia. She experienced syncope apparently caused by excessive ingestion of oolong tea.
Case Report
A 61-year-old Japanese housewife had been suffering from rheumatoid arthritis and Sjogren's syndrome for over 10 years. She had prednisolone prescribed at a dosage of 3 mg per day. From 3 years earlier, she began to drink oolong tea. From the beginning of the summerof 1996, she drank 2 to 3 liters of oolong tea daily. In September 1996, she readily felt fatigue in normal life activities. No gastro-intestinal tract symptomswere noted, with no diarrhea and vomiting. On September 7, 1996 , at 3 AM,she suddenly complained of chest discomfort. Syncope occurred, and profuse sweating, rigidity of the extremities and respiratory arrest were recognized by her family. She was immediately brought to the Emergency and Critical Care Center of Kitasato University Hospital. Following admission, her level of consciousness recovered to normal, but she complained of continuous chest pain. Her height was 145 cm, and body weight was 37.6 kg. Her blood pressure was 148/80 mmHg,pulse was 58 beats per minute, and her body temperature remained at 35.8°C. The heart sounds were normal and no murmur wasaudible. Therespiratory vesicular soundswere clear. Hepatosplenomegaly, jugular venous dilatation and pretibial edemawere absent. Laboratory findings are shown in Table 1 . Respiratory alkalosis (pH: 7.60; partial pressure of carbon dioxide (PaCO2): 21.9 Torr; HC(V: 21.6 mmol//) was observed. Anemia (red blood cell count: 367x104/cmm; hemoglobin: 8.6 g/dl; hematocrit: 26.3%), hypoalbuminemia (albumin 2.9 g/dl; normal range: 3.8 to 5.2), elevated aspartate aminotransferase 59 IU//, and high fasting blood sugar 225 mg/dl were demonstrated. Decreased serum potassium (2.7 mEq//) was also found. C reactive protein 5.8 mg/dl (normal: <0.3); immunoglobulin G (IgG), 2,960 mg/dl (normal: 960-1,960); IgA, 738 mg/dl (normal: 120-450) and rheumatoid factor 160 IU/ml (normal: <10) were increased. Urine was positive for glucose and ketone bodies. The chest X-ray revealed no abnormal shadows. As shown in Fig. 1 , the electrocardiogram revealed 2: 1 atrioventricular block (heart rate: 42 beats per minute), R on T and incessant non-sustained ventricular tachycardia (heart rate: 250 beats per minute). The QTc interval was we did not supply additional potassium, the day after admission, her serum potassium increased. As shown in Fig. 2 , two days after admission, the potassium level was normal (4.0 mEq//). Urine potassium was unchanged. Echocardiography revealed mild left atrial dilatation, but no left ventricular asynergy was detected. The left ventricular ejection fraction was normal at 62%. Left ventricular diastolic and systolic diameters were 4.2 cm and 3.0 cm, respectively. In endocrinological studies (Table  2) , elevations of serum noradrenaline to 667 pg/ml (normal: 90-420) and serum cortisol to 30.9 jiig/dl (normal: 3.0-15.2) were noted. Urine vanillylmandelic acid (VMA)was not detected. Three days after admission, the QTc interval was normal (0.42 seconds), as shown in Fig. 3 . During hospitalization, no atrioventricular block, R on T nor non-sustained ventricular tachycardia were observed. Myocardial scintigraphy using 201Thallium and dipyridamole stress revealed neither ischemic change nor myocardial damage. Treadmill testing did not provoke ischemic electrocardiographic (ECG) change, ventricular tachycardia or atrioventricular block. Weobtained her informed consent for an oolong tea retrial. She drank oolong tea 2.5 liters per day for 5 days. The oolong tea used contained 19 mg/dl caffeine. Wefollowed her serum concentration of potassium and urine levels. The day after the trial was started, her serum potassium decreased gradually, and after the five days, her potassium concentration had decreased from 4.3 mEq// to 3.4 mEq/l. During the challenge, she was asymptomatic. Noatrioventricular block, non-sustained ventricular tachycardia, R on T nor prolonged QTc interval was detected. Urine potassium remained 2.0 to 2.5 g/day on average, and did not increase during the five test days.
Discussion
Oolong tea usually contains approximately 20 mg/dl caffeine. Thus, if 2 to 3 liters of oolong tea is ingested daily, 400 to 600 mg of caffeine is ingested daily as well. Caffeine is trimethylxanthine (1-, 3-, 7-trimethylxanthine) and one of its metabolites is theophylline. Theophylline stimulates the central nervous system for respiratory regulation (1), and can thus induce hyperventilation and respiratory alkalosis. Accordingly, the hypokalemiain this case appeared to be due to respiratory alkalosis. Theophylline does not increase urine secretion of potassium (2), but causes potassium shifting from the circulation into the intracellular space. Hall et al found that 12 of 15 patients with theophylline intoxication developed both respiratory alkalosis and hypokalemia (2). The normal elimination half-life of caffeine in adults is reported to be 2.5-8 hours (5, 6). Therefore, our patient's serum potassium level was normalized within 2 days after abstinence from oolong tea. The serum protein binding caffeine is albumin (7). Accordingly, in patients with hypoalbuminemia, caffeine is apt to induce hypokalemia. Matsunami et al reported the occurrence of hypokalemia in a pregnant womanwith longterm heavy cola consumption (8) . This womandrank 3 liters or more of cola, the equivalent to over 360 mgof caffeine per day for 6 years. Complete atrioventricular block and hypokalemia (1.9 mEq/7) developed. During pregnancy, her serum plasma protein level remained low and the effect of caffeine might therefore have been exaggerated. The patient described here had hypoalbuminemia (2.9 g/dl) due to rheumatoid arthritis. This appeared to contribute to her hypokalemia. She had prednisolone prescribed at a dosage of 3 mg per day. Prednisolone has the potential to induce hypokalemia. But in spite of having the sameamount of prednisolone administered during her hospitalization as before, her serum potassium level promptly normalized only after her abstinence from oolong tea. Andconcomitantly with the beginning of drinking oolong tea, her serum potassium decreased again. Therefore her hypokalemia was thought to be caused not by taking of prednisolone but by drinking oolong tea.
In principle, caffeine itself is arrhythmogenic. Caffeine is able to lower the threshold for ventricular fibrillation by 30-40% (9) . Caffeine shortens the refractory period (10) and increases the duration (1 1) and amplitude (12) of the myocardial action potential. Accordingly, caffeine can provoke atrial tachycardia (10), ventricular tachycardia (10), bigeminy (13) and atrioventricular block (8).
Wedid not perform an electrophysiological study on this patient due to rapid normalization of the serum potassium level and QTcinterval, and rapid disappearance of 2: 1 atrioventricular block and ventricular tachycardia, and because no organic heart disease was detectable during echocardiography, treadmill testing and 201Thallium myocardial scintigraphy with dypridamole stress.
In summary, several so-called "healthy" drinks contain caffeine. They maybe dangerous for individuals whose serum albumin is decreased and who drink great quantities of such drinks. These individuals may develop hypokalemia, atrioven- Changes in serum potassium and urine potassium levels. Although we did not supply additional potassium, the day after admission, her serum potassium level increased. Twodays after beginning abstinence from oolong tea, the potassium level was normal (4.0 mEq//). She agreed to an oolong tea challenge test. She drank 2 to 3 liters tea per day for 5 days. The day after the start of the trial, serum potassium decreased gradually, and five days later, it had decreased from 4.3 to 3.4 mEq//. However, urine potassium level was unchanged. 
